Abstract: Gypsy moth (Lymantria dispar) is one of the most important forest pests in the world. Numerous previous studies focused only on different host tree species, but small number of them on foliage age. Since recent genetic analyses showed that there are significant differences between Croatian continental and coastal population we investigated coastal population since there was no previous research. For this research juvenile and mature foliage of Holm oak (Quercus ilex) was used. Larval development was investigated in two laboratory experiments. One experiment involved rearing trials consisting of 50 individual larvae per treatment while a parallel experiment investigated gregarious feeding conditions using 120 larvae in a rearing treatment. Larval mortality was lower and development time shorter for individuals reared on juvenile foliage. High pupation success in both the individual and group rearing experiment for larvae reared on juvenile foliage was also observed. To conclude, our results showed high mortality, poor larval development and low pupation success in larvae reared on mature foliage. This research is significant because in the aspect of ongoing climate changes there is a possibility that gypsy moth will move Petri dishes at 4 °C until the start of the experiment (25 April 2012), when the temperature was then increased to 20°C. The first larvae hatched on 2 May 2012, 7 days after temperature increase. Throughout the experiment, foliage of holm oaks was collected from forest stands on the island of Krk (Čižići; 45° 09' 03" N, 14° 35' 49" E), and a fresh stack of foliage was delivered every week to the laboratory. To maintain freshness, the collected branches were placed in buckets filled with water and kept in a cold room. Throughout the feeding experiment, gypsy moth larvae were kept at 20±1 °C,a relative humidity of 65 % and a photoperiod of 16h:8h (L:D). After hatching, first to third instar (L1 -L3) gypsy moth larvae were kept in glass cylinders with a mixture of juvenile and mature holm oak foliage.
At the start of Experiment 1, larvae were divided into two sub-experiments. At the end of L3, 100 larvae were placed individually in Petri dishes and labeled. From fourth instar (L4) to pupation, 50 larvae were fed with juvenile foliage and another 50 larvae with mature foliage. The larvae were weighed daily on a Sartorius BD ED 100 (ATL 224-I) analytical laboratory balance (limit 0.0 001 g). During the experiment, old foliage was replaced with fresh material when it had become dry or when the larvae consumed it. Larvae were kept under these conditions until pupation or death, after which the surviving pupae were weighed and sexed. The last larvae pupated at 2 July 2012, however the larvae which never pupated were weighed until the 29 July 2012 when the experiment finished.
Experiment 2 was conducted in two glass cylinders with a total of 240 gypsy moth larvae. With the completion of the L3 instar, 120 larvae were put in the cylinder with only juvenile holm oak foliage and in the second cylinder 120 larvae were provided only mature foliage. The rearing conditions were the same as in Experiment 1. During Experiment 2 however the larvae were not weighed, but larval development was recorded until pupation and larval mortality recorded daily. At the termination of Experiment 2, 20 pupae were randomly selected from both feeding treatments (i.e. juvenile or mature foliage) and were weighed and sexed.
Statistical [15, 16] . These coastal and continental regions also differ in their dominant vegetation. In the continental region deciduous mesophilic oaks (Q. robur L., Q. petraea (Matt.) Liebl.) and beech (Fagus sylvatica L.) are the main host tree species. While in the coastal region an evergreen broadleaved xerophyte, the holm oak (Q. ilex L.), and deciduous xerophyte downy oak (Q. pubescens Willd.) are the dominant tree species [17] [18] [19] [20] . All of these tree species have suffered total defoliation by gypsy moth feeding during mass outbreaks in the past [21] .
Multiple previous studies [21] [22] [23] [24] [25] [26] [27] [28] [29] have investigated the influence of different host tree species on the development of gypsy moth larvae, but very few have focused on the influence of foliage age within a host species on gypsy moth larval development. One such study by Braham and Witter [30] found that the age of northern red oak (Q. rubra L.) foliage had no effect on the development of gypsy moth larvae. Furthermore, Cambini and Magnoler [31] compared gypsy moth larvae reared on juvenile foliage with those reared on a mixture of juvenile and mature foliage from cork oak (Q. suber L.) and holm oak. Their results revealed that larvae reared on only juvenile foliage had significantly higher pupal masses than those reared on a mixture of juvenile and mature foliage. Lastly, Hough and Pimentel [22] showed that the nutritive value of juvenile foliage of holm oak was much higher than that of mature foliage and, that gypsy moth larvae developed less when reared on the tougher mature foliage than on the soft juvenile foliage. Differences between juvenile and mature foliage of various species have also been observed, with the juvenile foliage that starts to budbreak in spring being soft and light green (Lukić, personal observation), whilst the mature foliage is leathery, dark green, and usually lasts for at least 2 years (although it can stay on the tree for 3 -4 years) [32] . During gypsy moth outbreaks on holm oak in the coastal region, the moths consume both juvenile and mature foliage. Using laboratory experiments this study examined the effects of juvenile and mature holm oak foliage consumption on the larval development of gypsy moths. Two separate experiments were used since it allowed the investigation of whether there was any difference between individual and gregarious feeding conditions.
Material and Methods
Gypsy moth egg masses were collected on the island of Cres, Croatia (Punta Križa; 44° 38' 12" N, 14° 29' 30" E) in the autumn of 2011. The dominant host plant at this locality is the holm oak. The egg masses were kept in
Results
At the beginning of Experiment 1 L4 larvae were randomly selected from the bulk of individuals reared on the mixture of juvenile and mature holm oak foliage, where they were observed to be mainly feeding on juvenile foliage. At the start of the experiment, L4 larvae selected for the group to be reared on juvenile foliage weighed on average 0.05±0.01 g (n=50), while the average initial larval mass for those selected for the treatment group reared on mature foliage was 0.07±0.00 g (n=50). A Mann-Whitney Test (U=617, n 1 =n 2 =49, P < 0.05 two tailed) showed that despite the random allocation, the larvae chosen for the feeding trial with mature holm oak foliage were significantly heavier than those chosen for the feeding trial with juvenile foliage. The duration and mode of development of the larvae throughout L4 and L5 are displayed in Table 1 and Figs 1 and 2. There was a significant difference between the development of gypsy moth larvae in L4 and L5 on the juvenile and mature foliage. Of the 50 larvae used in the individual rearing experiment with juvenile foliage, 23 were males and 26 females (and one larvae died during the experiment). In the treatment with larvae reared on the mature foliage, only 3 larvae developed to pupae and all were males: larval mortality in this group was extremely high (Fig 3) . The majority of larvae fed with juvenile foliage pupated during the sixth instar (males 42.5%, females 57.5%). Average pupal mass of the insects reared on juvenile foliage was 0.94±0.02 (females) and 0.50±0.01 g (males). While no differences in female pupal mass were observed in individuals that pupated after the fifth and sixth instar, male pupal mass was strongly affected by the instar stage. In these cases, male larvae that pupated after the sixth instar were significantly larger than those that pupated after the fifth instar (Fig 4) . 
Discussion
The results illustrated significant differences in time of the development, larval mass, mortality and pupal mass between the rearing treatments. In general, larvae feeding on the preferred juvenile foliage grow larger, have larger pupae and produce more fecund adult females [33] . The coastal population of the gypsy moth on the island of Cres appears to have developed different behavioural patterns that may be influenced by the local climate and host plants.
Previous palatability studies have shown that there are no host preferences of gypsy moth larvae Pupal mass (g, means±SE) of L. dispar female and male pupae. The larvae were kept in groups of 120 individuals and provided with only juvenile or only mature foliage of Q. ilex from L4 to pupation. Asterisks above bars indicate significant differences between groups (Student`s t-test, t=(28)=7.81, p<0.05; t=(4)=8.21, p<0.05).
Results from Experiment 2 also illustrated high mortality rates for larvae reared on mature foliage (Fig 5) and significant differences in larval development (Fig 6) , 98 % of larvae on juvenile foliage pupated successfully while only 63 % of those reared on mature foliage pupated (Fisher`s exact test, p < 0.05). Pupal mass of females and males randomly selected from Experiment 2 were compared between the treatments of juvenile and mature foliage (Fig 7) . For both sexes, larvae fed with juvenile foliage attained pupal masses more than twice that of the pupae from the mature foliage treatment respectively (females 0.99±0.05 and 0.47±0.04 g; males 0.48±0.02 and 0.24±0.02 g). Comparisons of female and male pupal masses from Experiment 1 and Experiment 2 reared on juvenile foliage showed no significant differences [females (Student`s t-test, t=(21)=-0.94; Experiment 1=0.94±0.02 dissimilarity in the budburst of these two oak species, an important question which remains to be investigated is when do the gypsy moth larvae emerge in the coastal region of Croatia.
Our results revealed high mortality and poor development of gypsy moth larvae when reared on mature foliage of the holm oak. This is likely influenced by many factors and further comparative research should be performed on leaf chemistry and nutrition value in order to better understand the causes and mechanisms behind this result. Additionally, it remains to be resolved whether the emergence of gypsy moth larvae coincides with the budburst of holm oak and, what is the food preference of neonate larvae if the two phenomena are not synchronised. among sessile oak, white poplar (Populus alba L.) and holm oak (Schafellner et al., unpublished data). Foliage preference may be related to the histological and physical characteristics of holm oak foliage. During both experiments it was observed that gypsy moth larvae experienced difficulties with the mastication of the mature foliage, which is very hard and leathery and has tough serrated margins [32, 34] . This supports the findings of Scriber and Slansky [35] that illustrated that as the foliage matures its palatability and quality declines. Supporting this further are Acevedo et al. [36] , who found that stronger mandibles are needed to eat tougher food. This may explain why during gypsy moth outbreaks even the oldest foliage is devoured as it is probable that the late instar larvae have developed a large enough head capsule and strong mandibles. A widely investigated aspect is to understand the relationships between host plants and herbivorous insects is the level of tannin in the foliage. Tannins are accepted as an important resistance factor against herbivory by insects [38] . According to Makkar et al. [37] the levels of tannin in holm oak foliage increases as the foliage matures. Furthermore, the results of Bourchier and Nealis [38] study using tannin-supplemented diets were especially pronounced in later instars, where females on a unsupplemented control diet grew at twice the rate of larvae on tannin-supplemented diets. They have used 5 groups. Control group with a 0 %, 0.5 %, 1.5.%, 2.5 % and 5 % of tannin. Statistical significant difference was only observed on groups 2.5 % and 5 %.
Another difference between the continental and coastal region is the dominant tree species. In the continental region of Croatia, the preferred food for the gypsy moth is pedunculate oak foliage. As pedunculate oak is one of the most important tree species in Croatia (both ecologically and economically) a great deal of research on its pests, especially defoliators, has already been conducted [40] [41] [42] . Connection between the budburst of pedunculate oak and the gypsy moth larvae is important since emergence must be harmonized within a short period between budburst and the point in time when foliage quality is too low [43] . According to Seletković and Tikvić [44] , in the continental region pedunculate oak starts to budburst at the beginning of April (the mean value for 1993 was 19 April and for 1994 was 6 April). Whilst the holm oak is an evergreen tree species, it also has a budburst in spring. According to much research that has covered a wide area of the Mediterranean Basin, holm oak budburst occurs in the period from the end of March to the beginning of June, depending on the location [45] [46] [47] [48] [49] . In Croatia the budburst of holm oak occurs at the beginning of May (Lukić, personal observation). Considering this
